This study examined changes in members' satisfaction with group processes as they worked
Although research using single observations (Frey, 1994a) , often of zero-history groups (Frey, 1994b) , has generated significant findings on group behaviors and outcomes (see Hare, Blumberg, Davies, & Kent, 1994) , it is difficult to make inferences regarding developmental aspects of group processes from these findings (McGrath, Arrow, Gruenfeld, Hollingshead, & O'Connor, 1993) . Absent multilevel analyses, the effects of individual versus group differences also are difficult to discern (Poole, Keyton, & Frey, 1999) . Furthermore, in view of a contemporary media environment that enables collaboration among group members who are often not colocated, the nature of communication and information sharing is undergoing fundamental shifts (Scott, 1999) . This study seeks to address each of these important issues in research on group communication by invoking multilevel analyses of longitudinal groups working together through computer-mediated channels. The goal of this investigation is to examine a crucial outcome variable-members' satisfaction with group processes-as influenced by contribution equity and information quality, and as it unfolds over time within groups supported by collaborative technologies. Each of these issues is examined in turn.
Collaborative Technology and Satisfaction with Group Processes
Research on face-to-face (FtF) groups indicates that member satisfaction is vital to groups. For example, the satisfaction of group members is critical to group performance (Keyton, 1991; Shaw, 1981) ; performance suffers when members are dissatisfied and unable to remedy their problems (Maier, 1950; Shaw & Blum, 1965) . In addition, Gouran (1973) has shown that member satisfaction is significantly affected by people's perception of their own and others' contribution to group problem-solving efforts, and that satisfaction in FtF groups also varies directly with network centrality and with cohesiveness.
Computer-based technologies have been developed to aid group meetings in the hope of facilitating group performance, especially decision quality, process efficiency, and members' satisfaction (Scott, 1999) . New technologies provide greater speed and flexibility in communication among group members (Bickson, 1994; Morton, 1996) and have been shown to result in increased member satisfaction in both laboratory studies and organizational settings (e.g., Alavi, 1994; Lou & Scammell, 1996; Nunamaker, Briggs, & Mittleman, 1995; Palmer, 1998) . Negative effects of collaborative technologies on satisfaction also have been reported, however (e.g., Carey & Kacmar, 1997; Straus & McGrath, 1994; Straus, 1997; Warkentin, Sayeed, & Hightower, 1997) , in part because such technologies take time for users to learn (Orlikowski, 1993) , are sometimes inadequate in handling information flow (Ciborra, 1996) , and may not protect privacy (Ciborra & Patriotta, 1996) . Thus, the effects of group communication technologies on group members' satisfaction with group processes are somewhat equivocal (for a review, see Scott, 1999) .
To some extent inconsistent findings on the relationship between group communication technologies and satisfaction with group processes may be explained by examination of moderating variables such as group size (Benbasat & Lim, 1993) and members' experience with technologies (Hollingshead, McGrath, & O'Connor, 1993) . Increases in either group size or familiarity with the use of the technologies generally lead to greater satisfaction. On the other hand, group members who do not adapt well to the use of collaborative technologies may become less satisfied over time. Thus, as members succeed or fail in familiarizing themselves with these technologies and getting along well with other group members, groups using collaborative technologies may be more or less satisfied with group processes in completing group tasks.
Notwithstanding these potential moderating factors, members' satisfaction with group processes-including in computer-mediated groups (CMG; Scott & Easton, 1996) -may hinge on perceptions of whether one belongs to a group whose members contribute equally (Gouran, 1973) , or on perceptions of contribution equity among members. Satisfaction with group processes also may depend on how well group members interact with one another during group work (Shaw, 1981) , especially in the form of the quality of information exchanged, a particularly relevant issue in computer-mediated groups (Olaniran, 1996) . Finally, member satisfaction may vary over time as a result of these and other factors, such as performance and satisfaction at prior times (Poole et al., 1999) . These potential determinants of member satisfaction in CMGs are examined in the following three sections, and three research questions are posed that undergird this investigation.
Contribution Equity in Group Work
Members' satisfaction with group processes may depend to some degree on contribution equity across group members. In general, the perception of equity in contribution is positively associated with greater satisfaction (Dittrich & Carrell, 1979; Kalleberg & Griffin, 1978; Wall & Nolan, 1987) , although much less is known about this relation in computer-mediated groups working over time. According to equity theory, people assess their investments in relation to those of relevant others, and perceptions of equity or inequity motivate emotions and behaviors (Adams, 1965) . More specifically, when people perceive that their contribution is unbalanced, relative to others' contributions, they experience inequity, which leads to a negative affective state.
As group members' perceptions of their own effort relative to other group members become more evenly distributed, group members may report greater and easier interaction among group members (Wittenbaum & Stasser, 1998) . Although computer-mediated communication technologies and time affect participation in small groups, participation equalization findings might be limited to initial, or early, group meetings (Bonito & Hollingshead, 1997) . As group members accumulate more experience working as a group, participation patterns may change (Contractor & Seibold, 1993) and contribution equity may shift as well, in several ways. Groups in which members contribute equally their effort and time for group work may see more benefits from using collaborative technologies and be more satisfied than groups in which there are widely varying degrees of contribution. On the other hand, it is possible that members of equitable groups become increasingly dissatisfied over time with their group processes, whereas members of inequitable groups become more satisfied. In order to determine the role of contribution equity and its relation to initial versus long-term satisfaction with group processes over time, group processes in technologically supported groups must be examined longitudinally (Scott, 1999) .
Quality of Information and Group Performance
Research shows that the use of technology to support group processes can improve the quality of information and group decisions (Sharda, Barr, & McDonnell, 1988; Steeb & Johnson, 1981; Valacich, Paranka, George, & Nunamaker, 1993) . More generally, the quality of information that group members are able to acquire from one another is important to the satisfaction of group members (Gouran, 1973) and is essential for successful group outcomes (Gouran, Brown, & Henry, 1978) . And, when group members perceive that they receive information of high quality from their fellow team members, they may feel more strongly that their group is being productive and thus become more satisfied with group processes overall.
Perceptions of the quality of information acquired using collaborative tools, however, may affect levels of satisfaction with group processes in complex ways (Brashers, Adkins, & Meyers, 1994) . When long-term groups complete their first task together, it is likely that the quality of information acquired influences their initial satisfaction with group processes. On one hand, the perception of the quality of information acquired can have a monotonic relationship with satisfaction over time (i.e., the relationship between the perception of information quality and satisfaction may stay the same). On the other hand, the quality of information acquired may be related to changes in the varying rate of satisfaction: group members may be satisfied or dissatisfied with group processes more or less rapidly, depending on the quality of information they acquire, which could influence long-term satisfaction.
Longitudinal Analysis of Group Communication and Satisfaction
These issues suggest two methodological problems that have beset group communication research: a heavy reliance on one-time observation of groups and the tension between individual-level versus group-level analyses (Poole et al., 1999) . These issues have combined to limit researchers' ability to uncover important group processes as they unfold over time and simultaneously at the individual and group levels.
Over-Time Analysis
Although calls for longitudinal studies of group interaction processes have been numerous, over-time group research has been scarce (Scott, 1999) . Furthermore, reliance on single observations of group communication has troubled group communication researchers, and the importance of conducting studies over time has been stressed repeatedly (e.g., Bales & Strodtbeck, 1951; Bormann, 1970; Cragan & Wright, 1990; Frey, 1994a Frey, , 1994b Poole, 1983a; Poole et al., 1999) . Over-time analysis is especially necessary in studies examining transitions in task groups (Gersick, 1988 (Gersick, , 1989 , models of group decision development (e.g., Fisher, 1970; Poole, 1983b; Poole & Roth, 1989) , and general perspectives on group development related to time (McGrath, 1993; McGrath et al., 1993; Mennecke, Hoffer, & Wynne, 1992) . Accordingly, researchers have begun to examine over-time influences in roles and relationships (Contractor, Seibold, & Heller, 1996) , patterns of decision making (Corfman, Steckel, & Lehmann, 1990) , and technology use (McGrath, 1993; Poole & DeSanctis, 1990) . Further application of over-time analysis, as well as development of dynamic or process theories, provide the potential to expand inference beyond simple correlational techniques and to examine the effects of time lags on causal influences among variables (Monge, 1990) .
Satisfaction with group processes can change over time (Olaniran, 1996) . Some groups become satisfied with their group processes faster than other groups, and differences exist in the nature of this satisfaction, particularly as it unfolds over time. Therefore, conducting multiple observations in a sufficiently long period is necessary if researchers are to pinpoint the reasons for such change and capture the development (or deterioration) in group processes.
Multilevel Analysis
Despite the strengths of individual-and group-level analyses, group-level analysis overlooks how individual characteristics interact to affect group-level constructs, whereas individual-level analysis violates the statistical assumption of independence when individuals are nested in their respective groups (Poole et al., 1999) . Discussions of unit of analysis problems (e.g., Glick & Roberts, 1984; Glisson, 1987; Hopkins, 1982; Hox & Kreft, 1994; Hoyle & Crawford, 1994; Morran, Robison, & Hulse-Killacky, 1990; Sirotnik, 1980; Tetlock, 1986) have noted that the group as a whole, or the individuals within groups, or both, can be the proper unit of analysis, depending on the theoretical constructs invoked. Problems occur when variables from the group level are disaggregated at the individual level, when variables from the individual level are aggregated at the group level, or especially when the findings from such analyses are not carefully interpreted (Hox & Kreft, 1994) . Furthermore, focusing on only one level at a time is problematic because variables from different levels can interact with each other to explain specific outcome variables. For most statistical analyses it is misleading to assume that individuals nested in a group behave independently of each other.
One way to deal with the unit of analysis problem is to use multilevel analyses, which enable researchers to discern variations at both group and individual levels. Hierarchical Linear Modeling (HLM; Nezlek & Zyzniewski, 1998; Pollack, 1998) enables researchers to simultaneously examine individual-level and group-level variables, as well as the relationship between them, in hierarchical data structures in which individuals are nested in groups. For a two-level model the lower level can focus on individual-level variables (e.g., gender, individual communication style) and the higher level can focus on group-level variables (e.g., mixed-sex versus same-sex groups, group norms). Especially with over-time analysis, a three-level model also can be developed, treating repeated observations of individuals as the first level because the multiple observations of an individual are nested within the person. Individuals and groups comprise the second and third levels. The major advantages of HLM are that cross-level effects can be modeled and that the variance-covariance among a set of individual-level variables can be decomposed into within-and between-group components (Bryk & Raudenbush, 1992) .
Research Questions
In order to address these theoretical and methodological issues this study uses HLM (Bryk & Raudenbush, 1992) to analyze longitudinal observations of individuals' satisfaction with group processes. More specifically, this study investigates groups using collaborative technologies for an extended period of time, by examining the impact that contribution equity and information quality have on satisfaction with group processes. First, changes over time in individuals' satisfaction with group processes are analyzed. Second, the extent to which these changes can be explained by constructs at the individual-level and the group-level are examined. In particular, how changes in group members' satisfaction are influenced by equity in contribution to group work and by the quality of information that individuals acquire with the use of collaborative technologies are assessed. Toward these ends the following three research questions are posed: RQ1: In computer-mediated groups how much variance in members' satisfaction is explained separately by individual-level and group-level analyses? RQ2: In computer-mediated groups does group members' satisfaction change over time?
RQ3: In computer-mediated groups what effects do (a) contribution equity and (b) information quality have on satisfaction with group process over time?
Method

Collaborative Technology and Participants
Participants were advanced college students (juniors and seniors) enrolled in an undergraduate course focusing on collaborative technologies in contemporary organizations (N ϭ 58). Participants in this research used a custom-designed, computerbased software application that was delivered via the Internet. This technology was modeled after group support systems used in contemporary organizations and was designed to support members working together in online groups. The system provided a range of options to support group teamwork. Users were able to access self-generated reference material and to work together by way of asynchronous, text-based communication and information-sharing features. More specifically, users could assemble information to complete tasks and then share it with members of their group either by sending electronic messages to any combination of members or by placing information in a common database. In addition to these communication and information-sharing functions the technology enabled group members to work on jointly authored documents to fulfill group work requirements. Tasks completed by group members required wide-scale participation over extended periods of time and were the sole basis for evaluation in the course. Thus, tasks were interdependent, purposeful, the basis for meaningful rewards, and substantially resembled organizational work tasks. Prior to using the system for group work, all users attended mandatory training and were allotted time to experiment with the technology.
Procedure
Participants were randomly assigned to groups of between five and seven members with whom they worked for 10 weeks using the collaborative technology already described. Forty-one females (71%) and seventeen males (29%) formed 10 groups, all of which were mixed-sex (although the majority membership of each group was female). Group membership remained the same for the duration of their time together, except for the early attrition of a few members (which occurred prior to data collection). Upon completion of each of seven group tasks, participants completed a comprehensive online survey that asked them to assess their experiences and perceptions of the previous task. They were required to complete this survey before beginning the next task.
Group members were identified to one another only by non sex-specific pseudonyms, which were selected after pretests of the sex neutrality of these names. Participants thus did not know the actual identity of the other members of their own group, nor did they know the user identification names of members from groups other than their own. In this manner participants worked with a stable group of people whose identity and attendant cues (sex, appearance, etc.) were anonymous for the duration of their working relationship. Thus, participants experienced "partial anonymity" or that condition in which "either a source cannot be individually specified or when there is not a high level of knowledge about a source" (Anonymous, 1998, p. 391) .
Measures
Due to its inverse of contribution equity as a theoretical construct, and because measures of equity are based on discrepancy scores, contribution inequity is used to describe the operationalization of equity. Moreover, inequity can be conceptualized as a group-level as well as an individual-level variable. Therefore, both group-level contribution inequity and individual-level contribution inequity were derived.
Group-level contribution inequity
Inequity in groups was calculated by comparing group members' ratings of every member of their group on the extent of their contribution in the completion of the task. In this fashion each group member's assessment of an individual's contribution was used to obtain a single contribution score for each person. If group members' contributions equaled the average contribution of others, their score was equal to one. If group members contributed less than other group members, their score was less than one. If group members contributed more than other group members, their score was more than one. Thus, if every member in a group contributed almost equally, there would be very small variance across individual contribution assessments. On the other hand, large discrepancies in group members' contributions would result in large variance across individual contribution assessments. The average variance across the tasks represents group-level contribution inequity (named GROUP INEQUITY in the following analyses), where higher values indicate less contribution equity (i.e., higher contribution inequity) within a group.
Individual-level contribution inequity
After completing each group assignment, all group members estimated their own contribution, as well as the contributions of every other group member, by allocating a percentage of perceived contribution to each person (total allocations summed to 100%). Ratings for all members were then averaged across the tasks. Individual-level contribution inequity (named IND INEQUITY in the following analyses) was operationalized as a difference between individuals' ratings of their own contribution and the average of their ratings of others' contributions. Thus, the greater the discrepancy, the less equity (i.e., the higher the contribution inequity, in terms of one's contribution exceeding others' contributions). Approximately 80% of the discrepancy scores for the seven tasks were positive, indicating that the majority of the participants perceived that their contributions were greater than those of their fellow group members.
Quality of information acquired
Quality of information acquired (named QUALITY in the following analyses) was measured by a series of items asking about the accuracy, currency, availability, and relevance of information that people in their group provided using the collaborative technology. Averaged over tasks 1 to 7 the reliability (Cronbach's alpha) of the four measures of information acquired was .84.
Satisfaction with group process
Satisfaction with group process was measured by four items assessing decision fairness, decision coordination, satisfactory work, and choice confusion (reverse coded), which were based in part on items from Green and Taber (1980) . The satisfaction measures were judged on a five-point Likert-type scale bounded by "very dissatisfied" and "very satisfied" such that high values on satisfaction assessment measures indicate high satisfaction. Averaged over tasks 1 to 7 the reliability (Cronbach's alpha) of the four measures of satisfaction with group processes was .83.
Hierarchical Linear Modeling
Because this study focused on estimating how individuals' satisfaction with group processes is influenced by the group to which they belong, a method was used that is designed for such situations-Hierarchical Linear Modeling (HLM; Bryk & Raudenbush, 1992 ). The HLM model presented here has a three-level nested structure: multiple individual reports over time nested in those individuals, who are, in turn, nested in groups.
To examine individual as well as group change over time, level 1 measures individual change over time. This level, known as the within-individual level, allows satisfaction to vary for each individual across the seven time periods. Level 2 of the model measures differences between individuals within groups. Here, each individual's initial status and change are predicted as a function of individual-level variables. Level 3 of the model measures differences between groups. At this level differences among groups in average change rates and means of satisfaction, contribution inequity, and information quality are examined.
Results
At the first stage of the analysis a three-level model is developed in order to examine individual-level and group-level variances in individuals' satisfaction with group process and to find if individual-level and group-level predictors account for the variances. QUALITY and GROUP INEQUITY are specified as predictors in this stage. The second stage of the analysis involves the development of a two-level model with QUALITY and IND INEQUITY, as well as two additional predictors, an individual's own contribution (MY CON) and others' contributions (OTHER CON).
Three-Level Model
Three steps of a three-level model development are presented in this section. Each step of the model development addresses each of the three research questions. First, a fully unconditional model (i.e., no predictors at any level) is used to examine how much variance in the outcome variable (satisfaction with group processes) is explained by each level. Second, an unconditional model (i.e., TIME POINT as a predictor in level 1 and no predictors at levels 2 and 3) finds how much temporal variation exists in level 1 (7-point time observations) and how much variation in intercept (initial satisfaction after the first task completion) and slope (the rate of change in satisfaction over time) can be explained by levels 2 and 3. Finally, a conditional model introduces QUALITY and GROUP INEQUITY as level 2 and level 3 predictors, respectively. The one-way ANOVA (fully unconditional model) The first research question asked how much variance in satisfaction is explained separately by individual-level and group-level analyses. The one-way ANOVA with random effects provides useful preliminary information about how much of the variation in the outcome lies at the first level (within an individual), at the second level (between individuals), and at the third level (between groups), and about the reliability of individuals' and groups' sample mean as an estimate of its true population mean. For the level 1 (within-individual) model the observed status for each time is modeled as a function of an individual's mean status across all times plus a random error equal to the deviation of the observed status from the individual mean. For the level 2 (between-individual) model each individual mean is viewed as an outcome of mean group satisfaction plus the deviation of the individual mean from the group mean. Within each of the groups the variability among individuals is assumed to be the same. The level 3 (group-level) model presents the variability among groups. The group means vary randomly around a grand mean and a random group effect, that is, the deviation of a group's mean from the grand mean. In all cases, the random effects are assumed to be normally distributed with a mean of 0. Table 1 reports the results. In a fully unconditional model there is only one fixed effect, which in this case is the average group mean. Reliabilities of the level 1 coefficient and the level 2 coefficient were .63 and .44, respectively.
1
In estimating the proportion of variation that is within individual, between individuals in groups, and among groups, the variation of each level was divided by the total variation (.366 ϩ .088 ϩ .019 ϭ .473). In response to RQ1, the largest percentage (77.38%) lies within individuals (i.e., at level 1), a small, but substantial, percentage (18.60%) lies between individuals within groups (i.e., at level 2), and only a trivial portion (4.02%) lies between groups (i.e., at level 3). Both of these smaller variations between individuals and between groups are statistically significant, however, as indicated in the second panel of Table 1 . 
Unconditional model
The second research question asked if group members' satisfaction levels with group processes change over time. With this unconditional model temporal variations in group members' satisfaction are examined. Individual change trajectories, which are predicted by temporal variation in satisfaction from the first task to the last, comprise level 1 of the model, the variation in change parameters among individuals is captured in level 2 of the model, and the variation among groups is represented in level 3 of the model. The results presented in Table 2 indicate a positive overall change rate averaged across all individuals and groups. Reliabilities for intercept and slope at level 2 were .627 and .484, respectively. Reliabilities for intercept and slope at level 3 were .503 and .339, respectively. Of more substantive interest was the decomposition of the variance in individuals' satisfaction and change rates into their within-and between-groups components. The estimates for the variance components appear in the second panel of Table 2 . The 2 statistics accompanying these variance components indicate significant variation among individuals within groups for initial status and change rates and significant variation between groups for mean status. The change rate between groups was not statistically significant, however.
With TIME POINT as a variable to account for variance among multiple reports of satisfaction with group processes, it is possible to estimate how much variance individual-level and group-level analyses explain in the initial status of satisfaction (the intercept) and the change rate of satisfaction over time (the slope). By comparing the level 1 variance components in Tables 1 and 2 , it was determined that the introduction of temporal variation in the model accounted for an additional 28.96% of the variance in level 1 ([.366-.260 ]/.366; recall also that level 1 accounted for 77.38% of the variance in the outcome variable). Based on these variance components estimates, as reported in the second panel of Table 2 , one can also compute the percentage of variation that lies between groups for both initial status and change rate. As indicated in the third panel of Table 2 , approximately 22% of the variance in initial status lies between groups, and therefore approximately 78% of the variance in initial status is between individuals. For change rate, approximately 18% of the variation is between groups, and approximately 82% of the variance is between individuals.
2 It seems that individual differences in satisfaction with group processes are greater than group differences.
Conditional model (intercept-and slope-as-outcomes model)
Having examined variance decomposition at each of the three levels, an exploratory model was considered that allows estimation of the separate effects of the quality of information acquired (QUALITY) and inequity in contribution (GROUP INEQUITY) in order to answer Research Questions 3a and 3b. Building on the previous model, QUALITY and GROUP INEQUITY were introduced as separate predictors at the second and third levels, respectively. At level 2 expected individual status (or rate of change) was modeled as a function of mean initial group status (or change rate), the deviation of the individual mean from the group mean, and QUALITY. At level 3 the group means are viewed as a function of the overall mean initial status (the grand mean), the deviation of the group mean from the grand mean, and GROUP INEQUITY. Results show that GROUP INEQUITY as a group-level variable did not significantly account for the variation in initial status and rate of change in satisfaction with group processes, whereas QUALITY as an individual-level variable did.
Two-Level Model
Although the variation of satisfaction with group processes was statistically significant in the group level (level 3), that level accounted for only about 4% of the variance in satisfaction with group processes. Additionally, for initial status and change rate in level 2, group level accounted for only about one-fifth of the total variation (versus four-fifths of the variation explained by individual level). Furthermore, GROUP INEQUITY did not have any statistically significant variance in the group level's one-fifth of the total variation. Thus, a two-level model was developed that focused on level 1 and level 2 only, without regard to group differences. Two predictors (QUALITY and IND INEQUITY) will be introduced at level 2 to explain initial status (i.e., intercept) and change rate (i.e., slope) at level 1. Table 3 presents the descriptive statistics for each variable. First, the unconditional model is developed. Unconditional model Level 1 of the model is comprised of individual change trajectories predicted by temporal variation in satisfaction from the first task to the last, as before. At level 2 expected status and change rate are modeled as functions of mean initial status plus the deviation of individuals' satisfaction scores. As reported in Table 4 the estimated mean intercept and mean change rate for satisfaction with group processes were 3.44 and 0.11, respectively. These data indicate that the average satisfaction score after the first task completion was 3.44 and that individuals were increasing their satisfaction by an average of 0.11 for each task completed during the seven time periods. Both the mean intercept and change rate have large t-test values indicating that both parameters are necessary for describing the mean change rate.
The estimates for the variance of individual change rate parameters were 0.268 and 0.011, respectively. As shown in Table 4 the variations were statistically significant, indicating that there are significant variations among individuals' initial satisfaction levels and change rates. Modeling each parameter as a function of individual-level variables is thus warranted. Reliabilities for the intercept and slope were .689 and .535, respectively. 
Conditional model (intercept-and slopes-as-outcomes model)
Two predictors are now introduced into the level 2 model: information quality (QUALITY) and contribution inequity (IND INEQUITY). Level 1 is unchanged from the previous unconditional model. At level 2, information quality and contribution inequity are introduced as predictors for intercept and slope, respectively. Table 5 shows the estimated fixed-effects results for this analysis. The results indicate that QUALITY and IND INEQUITY significantly predict initial satisfaction with group processes. IND INEQUITY also influences the rate of change in satisfaction, whereas QUALITY does not significantly affect that rate of change. In other words, for initial status the higher the quality of information that individuals acquire, the higher the satisfaction after the completion of the first task. However, there is no change over time in the relationship between QUALITY and satisfaction. On the other hand, for IND INEQUITY, the more an individual's own contribution exceeds others' contributions, the less satisfied that individual is after completion of the first task. Additionally, IND INEQUITY has a statistically significant effect on the rate of change in satisfaction. Interestingly, however, the higher individuals' contributions are relative to others' average contributions, the higher the rate of change in their satisfaction over time. The more individuals perceive themselves to contribute, the more rapidly their satisfaction grows. Table 6 displays the estimated variances for the random effects in this model and compares these results with those from the unconditional model. The proportion of variance explained is the difference between the total parameter variance (estimated from the unconditional model) and the residual parameter variance (based on this conditional model), relative to the total parameter variance. Introducing QUALITY and IND INEQUITY as predictors accounts for 39.55% of the parameter variance in the initial status and 9.09% of the parameter variance in the rate of change in satisfaction with group processes.
Interestingly, for the rate of change the estimated parameter indicates that the greater one's own contribution compared to others' contributions, the more rapidly that individual's satisfaction changes. In order to find out more about this relationship, one's own contribution (MY CON) and others' average contributions (OTHER CON) were entered as separate predictors at the second-level of a subsequent model, in the place of differences in contribution (IND INEQUITY).
As shown in Table 7 others' contributions and one's own contribution account for significant variations in the satisfaction level after the first task completion (i.e., initial status), but in the opposite direction. That is, the higher others' contributions, the greater satisfaction, whereas the higher one's own contribution, the less satisfaction. For the rate of change in satisfaction over time, only one's own contribution accounts for significant variation. This time, however, the sign is positive, indicating that the higher one's own contribution, the more dramatically that rate of satisfaction increases over time.
Discussion
Given the well-established importance of the determinants and effects of group members' satisfaction in face-to-face contexts (Gouran, 1973; Maier, 1950; Shaw, 1981) , it is remarkable how little is known about changes in members' satisfaction as groups perform their work over time-not only in face-to-face groups, but especially in environments supported by collaborative technologies in which members are not co-present. This study investigated computer-mediated group members' satisfaction with group processes as they completed seven tasks over 10 weeks. Fifty-eight members of 10 computer-mediated groups reported satisfaction with group processes at seven points in time. With regard to the research questions posed, four results are noteworthy.
First, findings revealed that individuals' levels of satisfaction changed over time. As is evident from the level 2 and level 3 models in the HLM analyses, the overwhelming portion of the variation is between individuals, not between groups. This relative lack of group variation is not entirely surprising, since no experimental induction was invoked to vary satisfaction across groups. Nonetheless, these changes in individual members' satisfaction have important implications. There has been a plethora of investigations involving satisfaction (Keyton, 1991) and reporting relationships between members' satisfaction and its many correlates and effects. Given the relative dearth of longitudinal investigations of group members' states and behaviors by communication researchers (Poole et al., 1999) , however, and findings from this study that satisfaction levels change over time, these results may be need to be reinterpreted in terms of when the relationship was observed in those groups' development. Because the majority of investigations has examined satisfactionrelated dynamics in groups with no history of interacting prior to the investigation, findings may well be attenuated or amplified by processes associated with performance on subsequent tasks. On the other hand, when satisfaction was assessed at single points later in groups' development, those findings may be artifactually affected by group history.
Second, the effects of an important communication variable-the quality of information acquired from other group members-on individuals' satisfaction in computer-mediated groups was examined. Results indicated that the higher the quality of information that members reported receiving from others through the collaborative technology, the higher their satisfaction following completion of the first task. This finding remained relatively constant, with information quality not affecting subsequent rates of change of members' satisfaction. Indeed, although information quality accounted for more than 30% of the parameter variance in initial satisfaction (following completion of the first task), it was associated with less than 10% of the parameter variance in rate of change in members' satisfaction with group processes in the computer-mediated groups. In part this outcome is due to the relative stability in the relationship between perceived information quality and satisfaction over time. Consistent with previous research demonstrating that interacting via collaborative technologies enhances the quality of information in computer-mediated groups (Sharda et al., 1988; Steeb & Johnson, 1981; Valacich et al., 1993) , perceived information quality and satisfaction increased quite constantly over time.
Third, perceptions of one's own and others' information contributions had significant and intriguing effects on members' satisfaction. Interestingly, the higher others' contributions the higher one's own satisfaction, but the higher one's own contribution the less satisfied one was. The portion of this finding underscoring the relative importance of others' contributions is consistent with Gouran's (1973) study of face-to-face (FtF) groups solving a problem at one point in time. Gouran found that one's perception of others' contributions consistently and most strongly predicted members' satisfaction. Another aspect of findings from this study is inconsistent with Gouran's results, however, which indicated that perceptions of the quality of one's own contributions were not strongly related to satisfaction in FtF groups. Although Gouran's results suggest that members place more responsibility on others for group outcomes (in ways that mediate their own satisfaction), results of the present investigation indicate that members' satisfaction is negatively related to the absolute amount of their own contributions. Whether this finding is a consequence of contribution dynamics over time (which Gouran did not study), or whether it is due to norms of equitable participation that may exist in computer-mediated groups but not in FtF groups (which we did not study), remains unclear and warrants further study.
Finally, especially pronounced were the effects of another aspect of group participation-members' perceived contribution inequity (one's own contributions relative to the average of others' perceived contributions). Contribution inequity was significantly related to satisfaction with group processes in these 10 computer-mediated groups beginning with completion of the initial task. The more that a member's own reported contribution exceeded the average of other members' perceived contributions, the less that individual's satisfaction across the seven tasks. Furthermore, although information quality did not significantly affect the rate of changes in computer-mediated group members' satisfaction (as discussed above), contribution inequity was significantly associated with the rate of change of members' satisfaction. In other words, satisfaction changes over time and perceived contribution inequity appears to influence the speed of this change. In addition, one's own absolute (not relative) contribution affects the change rate, whereas others' average contribution does not. This finding indicates that although the relationship between contribution inequity and satisfaction is negative when examined for a single point in time, CMG members with greater contribution inequity show faster changes in their satisfaction over time. That is, CMG members with greater contribution inequity are less satisfied with group processes initially, but the rate at which they become more satisfied over time is greater than the rate for those with more contribution equity.
In spite of the fact that data from this study were collected over time, based on interdependent, purposeful tasks that served as the basis for meaningful rewards, there are potentially relevant limitations as a result of these data as well. Findings from this study are derived from a small number of groups, of relatively fixed size, that was comprised of students who were not working within a realistic organizational environment. As such findings may lack robustness, and potentially deviate from organizational groups composed of a wider range of membership sizes, with existing group histories and hierarchies. Future research is required to determine the consequence of these differences, and to determine if results of this study are replicable across groups working with technologies with both richer and leaner communication and information sharing capabilities.
Ultimately, this study provides insight into the dynamics of computer-supported groups by examining members' satisfaction with group processes, as influenced by the quality and equity of members' contributions toward the collective effort. Importantly, findings from this study are based on longitudinal observations of groups performing meaningful tasks, couched at both the individual and group levels. Consequently, this research sheds light on important features of virtual groups (Ahuja & Galvin, 2003) operating within the present-day media environment at a time when such understanding is crucial for those interested in contemporary group processes (Fulk & Collins-Jarvis, 2001; Jackson, Poole, & Kuhn, 2003; Kline & McGrath, 1999) .
Notes
[1] Although these reliabilities may seem low, they are quite typical, especially with a small sample size (Pollack, 1998) . Reliability in HLM measures "the ratio of the true score or parameter variance, relative to the observed score or total variance of the sample mean" and determines weights given to different means (i.e., individual mean, group mean, and grand mean) in composing a Bayes estimator (Raudenbush & Bryk, 2002, p. 46) . For further discussion, see Raudenbush and Bryk (2002 
